In this paper we mainly study the weakly mixing sets and transitive sets of non-autonomous discrete systems. Some basic concepts are introduced for non-autonomous discrete systems, including a weakly mixing set and a transitive set. We discuss the basic properties of weakly mixing sets and transitive sets of non-autonomous discrete systems. Also, we investigate the relationship between two conjugated non-autonomous discrete systems on weakly mixing sets and transitive sets. MSC: 54H20; 37B20
Introduction
Throughout this paper N denotes the set of all positive integers, and let Z + = N ∪ {}. Let X be a topological space, let f n : X → X for each n ∈ N be a continuous map, and let f ,∞ denote the sequence (f  , f  , . . . , f n , . . .). The pair (X, f ,∞ ) is referred to as a non-autonomous discrete system [] . Define
and f   := id X , the identity on X. In particular, when f ,∞ is a constant sequence (f , f , . . . , f , . . .), the pair (X, f ,∞ ) is just a classical discrete dynamical system (autonomous discrete dynamical system) (X, f ). The orbit initiated from x ∈ X under f ,∞ is defined by the set γ (x, f ,∞ ) = x, f  (x), f It follows from these definitions that mixing implies weak mixing which in turn implies transitivity. 
In past ten years, a large number of papers have been devoted to dynamical properties in non-autonomous discrete systems. Kolyada studied fractal entropy of non-autonomous systems. In this paper, we extend the notions of weakly mixing set and transitive set and give the definitions of transitive set and weakly mixing set for a non-autonomous discrete system. We discuss the basic properties of weakly mixing sets and transitive sets for non-autonomous discrete systems. Moreover, we investigate the weakly mixing sets and transitive sets for the conjugated non-autonomous discrete systems and obtain that if a system has a transitive set (a weakly mixing set), then the conjugated system has a transitive set (a weakly mixing set).
Preliminaries
In the present paper, A and int(A) denote the closure and interior of the set A, respectively. f
A non-autonomous discrete dynamical system (X, f ,∞ ) is said to be point transitive if there exists a point x ∈ X, the orbit of x is dense in X, i.e., γ (x, f ,∞ ) = X, and x is called a transitive point of (X, f ,∞ ). 
Remark If (X, f ,∞ ) is topologically transitive, then X is a transitive set of (X, f ,∞ ).
Definition . Let (X, f ,∞ ) be a non-autonomous discrete system and A be a nonempty closed subset of X but not a singleton. A is called a weakly mixing set of (X, f ,∞ ) if for any
According to the definitions of transitive set and weakly mixing set of a non-autonomous discrete system, we have the following results.
Result . If A is a weakly mixing set of (X, f ,∞ ), then A is a transitive set of (X, f ,∞ ). Result . If a ∈ X is a transitive point of (X, f ,∞ ), then {a} is a transitive set of (X, f ,∞ ).
Observe that the given sequence converges uniformly to the tent map
which is known to be topologically transitive on I = [, ] from [, ]. We can easily prove that [,   ] is a transitive set of (X, f ,∞ ). 
Main results
In this section, we discuss the properties of transitive sets and weakly mixing sets for nonautonomous discrete systems. 
Proof () ⇒ () Let A be a transitive set of (X, f ,∞ ). Then, for any choice of a nonempty open set V A of A and a nonempty open set U of X with A ∩ U = ∅, there exists n ∈ Furthermore, we have
() ⇒ () Let V A be any nonempty open set of A and U be a nonempty open set of X
Therefore, A is a transitive set of (X, f ,∞ ). By the assumption of (), there exists n ∈ N such that (
Corollary . Let (X, f ) be a classical dynamical system and A be a nonempty closed set of X. Then the following conditions are equivalent. () A is a transitive set of (X, f ). () Let V A be a nonempty open subset of A and U be a nonempty open subset of X with
A ∩ U = ∅. Then there exists n ∈ N such that V A ∩ f -n (U) = ∅. () Let U be a nonempty open set of X with A ∩ U = ∅. Then n∈N f -n (U) is dense in A.
Proposition . Let (X, f ,∞ ) be a non-autonomous discrete system, where (X, d) is a metric space and A is a nonempty closed subset of X. Then the following conditions are equivalent. () A is a transitive set of (X, f ,∞ ). () Let a, x ∈ A and ε, δ > . Then there exists n ∈ N such that
Therefore, A is a transitive set of (X, f ,∞ ).
Proposition . Let (X, f ,∞ ) be a non-autonomous discrete system and A is a transitive set of (X, f ,∞ ). Then:
Since E is a closed set of X and E ⊆ A, it follows that U = X \ E is an open set of X and U ∩ A = ∅. Moreover, E is an invariant subset of X, we have f n  (E) ⊆ E for every n ∈ N. Furthermore,
By the result of (), U is dense in A. Therefore, E is nowhere dense in A. 
This shows that A is a transitive set of (X, f ,∞ ).
Theorem . Let (X, f ,∞ ) be topologically transitive and A be a regular closed set of X. Then A is a transitive set of (X, f ,∞ ).
Proof Let V A be a nonempty set of A and U be a nonempty set of X with A ∩ U = ∅. Since
A is a regular closed set and (X, f ,∞ ) is topologically transitive, there exists n ∈ N such that f
Corollary . Let (X, f ,∞ ) be a non-autonomous discrete system. Then (X, f ,∞ ) is topologically transitive if and only if every nonempty regular closed set of X is a transitive set of (X, f ,∞ ).
Definition . Let (X, f ,∞ ) and (Y , g ,∞ ) be two non-autonomous discrete systems, and let h : X → Y be a continuous map and
() If h : X → Y is a surjective map, then f ,∞ and g ,∞ are said to be topologically semi-conjugate. () If h : X → Y is a homeomorphism, then f ,∞ and g ,∞ are said to be topologically conjugate.
Example . Let f n : R → R with f n (x) = nx for all n ∈ N and x ∈ R, where R is a real line, and g n : S  → S  with g n (e iθ ) = e inθ for all n ∈ N, where S  is the unite circle. Define
It can be easily verified that h is a continuous surjective map and Definition . Let (X, f ,∞ ) be a non-autonomous discrete system. f ,∞ is a k-periodic discrete system if there exists k ∈ Z + such that f n+k (x) = f n (x) for any x ∈ X and n ∈ Z + .
Let (X, f ,∞ ) be a k-periodic discrete system for any k ∈ Z + . Define g =:
say that (X, g) is an induced autonomous discrete system by a k-periodic discrete system (X, f ,∞ ). From Definition ., we easily obtain the following proposition.
